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 Abstract 
 
Src-family tyrosine kinases, known to participate in signaling pathways of a variety of 
receptors at the plasma membrane, are found in cellular endomembranes such as the Golgi 
apparatus and endosomes. Recently we showed that Lyn, a member of the Src kinases, 
accumulates on the Golgi apparatus and then traffics to the plasma membrane. We show here 
that a majority of endogenous Lyn but not c-Src is accumulated in Golgi-enriched 
heavy-membrane fractions on a sucrose-density gradient, whereas a small amount of 
endogenous Lyn is present in light-membrane fractions containing the plasma membrane. 
Inducible expression of kinase-active Lyn, which biosynthetically reaches the Golgi apparatus, 
triggers tyrosine phosphorylation of proteins including annexin II. Coimmunoprecipitation 
analyses reveal that Lyn physically associates with annexin II, and an in vitro kinase assay 
shows that Lyn phosphorylates annexin II directly. Furthermore, stimulation of cells with 
H2O2 induces tyrosine phosphorylation of annexin II on the Golgi apparatus in a manner that 
is dependent on the kinase activity of Src kinases, leading to the translocation of annexin II 
from the Golgi apparatus to the endoplasmic reticulum. Next, comparison of c-Src, Lyn, c-Yes, 
and Fyn was performed. Not only Lyn but also c-Yes and Fyn localized to the Golgi 
apparatus-containing fractions. Nonetheless, mitogenic signals evoked by serum did not 
induced tyrosine phosphorylation on the Golgi apparatus but induced that at the plasma 
membrane and late endosome. Moreover, mitogenic factors in serum mainly activated only 
c-Src, whereas, H2O2 induced the most prominent activation of Lyn in the ectopically 
expressing Src-family kinases. Thus, these results suggest that endomembranes containing the 
Golgi apparatus where Lyn is anchored can serve as a signaling platform under oxidative 
stress. 
 
3 
Introduction  
 
   About 31% Japanese were dead for cancer for all death tolls, and 29% were dead for 
blood dyscrasia, such as heart troubles, cerebro-vascular diseases, and high blood 
pressure-related diseases in 2002 [1]. Many studies have been performed about 
atherosclerosis [2-4], a major source of several blood dyscrasias, and about cancer [5]. The 
mechanisms of the malignant transformation are largely unknown compared to atherosclerosis, 
thus, it is very important to investigate the signal transduction about cancer cells.  
   Signals are transmitted across the plasma membrane and then through the cytoplasm to 
reach a destination, such as the nucleus and cytoskeleton. Various signaling events that follow 
cell-surface receptor ligation require a cellular membrane as a signaling platform for the 
assembly of signaling molecules [6, 7]. The plasma membrane has been considered to be a 
unique platform where a cascade of signaling events is triggered. Recently, the cytoplasmic 
faces of the Golgi apparatus and endoplasmic reticulum (ER) have been shown to host 
Ras-MAPK signaling [8]. It is also shown that phosphatidylinositol-3,4,5-trisphosphate levels 
are increased to a larger extent at endomembranes than at the plasma membrane, which is 
triggered by endocytosed receptor-type protein-tyrosine kinases [9].  
   Src-family tyrosine kinases belong to a family of non-receptor-type protein-tyrosine 
kinases, and include at least eight members (c-Src, Lyn, c-Yes, Fyn, c-Fgr, Hck, Lck, and Blk). 
Src-family kinases play crucial roles in regulating cell proliferation, gene expression, 
metabolism, and cytoskeletal architecture [10-12]. Src-family kinases are cytosolic enzymes, 
and lipid modification at their N-termini leads to their localization to the plasma membrane 
[13, 14]. Although the plasma membrane plays a central role for Src signaling as a platform 
[15-17], there is growing evidence that Src-family kinases are localized to the perinuclear 
region and endosomal membranes as well as the plasma membrane [5, 13, 18-23]. It is 
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reported that Src is involved in the Ras-mediated signaling on the Golgi apparatus [24]. 
Moreover, Src is reported to phosphorylate a Golgi-specific protein, golgin 67 [25]. 
   Lyn, a member of the Src-family kinases, is widely expressed in a variety of organs, 
tissues, and cell types such as epidermoid, hematopoietic, and neuronal cells [16, 26-28]. Our 
recent studies show that newly synthesized Lyn accumulates at the Golgi apparatus and 
traffics to the plasma membrane from the Golgi apparatus along the secretory pathway [5]. 
Interestingly, we show by immunofluorescent microscopy that the expression level of 
endogenous Lyn present in the Golgi apparatus is much higher than that in the plasma 
membrane. Thus, endogenous Lyn appears to be concentrated at the Golgi apparatus, perhaps 
for forming a signaling platform on Golgi membranes. 
   In this report, we show by sucrose-density gradient sedimentation that a majority of 
endogenous Lyn, Fyn, and c-Yes but not c-Src is localized to heavy-membrane fractions 
containing Golgi membranes in HeLa cells, whereas only a small amount of endogenous Lyn, 
Fyn, and c-Yes is present in light-membrane fractions containing the plasma membrane. 
Using an inducible expression of kinase-active Lyn, we show that Lyn, which can reach the 
Golgi apparatus after biosynthesis, tyrosine-phosphorylates cellular proteins including 
annexin II. Furthermore, treatment of HeLa cells with H2O2 stimulates Lyn-mediated tyrosine 
phosphorylation of annexin II on the Golgi apparatus, leading to the translocation of annexin 
II from the Golgi apparatus to the ER. Moreover, Lyn is the most activated kinase in four 
ectopically expressing Src-family kinases, c-Src, Lyn, Fyn, and c-Yes. Thus, our findings 
suggest that Golgi membranes where Lyn is anchored can serve as a signaling platform under 
oxidative stress. 
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Materials and methods 
 
Plasmids 
   The HA-tagged kinase-active Lyn (Lyn-HA) was constructed from human wild-type p56 
Lyn cDNA ([29]; provided by Dr. T. Yamamoto, University of Tokyo, Tokyo, Japan), as 
described [5]. The Lys→Ala mutation at position 275 in the ATP-binding site [kinase-inactive, 
Lyn-HA(K275A)] was constructed from Lyn-HA as described [5]. These constructs were 
subcloned into pcDNA4/TO vector (Invitrogen).  
 
Antibodies 
   Mouse monoclonal anti-phosphotyrosine (anti-pTyr) (4G10; Upstate Biotechnology, Inc.), 
anti-HA (F-7; Santa Cruz Biotechnology, Inc.), anti-desmoglein (clone 62; BD Transduction 
Laboratories), anti-annexin II (clone 5; BD Transduction Laboratories), anti-Src (GD11; 
Upstate Biotechnology, Inc.: clone 327; Oncogene), anti-SHP-2 (B-1; Santa Cruz 
Biotechnology, Inc.), anti-E-cadherin (clone 36; BD Transduction Laboratories), anti-actin 
(clone C4; CHEMICON International), anti-GM130 (clone 35; BD Transduction 
Laboratories), anti-vinculin (hVIN-1; Sigma), anti-Yes (clone 1; BD Transduction 
Laboratories: 1B7, Wako Pure Chemical Industries, Ltds, Osaka, Japan), anti-Fyn (clone 301; 
Wako Pure Chemical Industries, Ltds, Osaka, Japan), anti-Lyn (H-6; Santa Cruz 
Biotechnology, Inc.), and a control antibody (MOPC21; Sigma) were used. Affinity-purified 
rabbit polyclonal anti-human ß-1,4-galactosyltransferase (GalT) ([30]; provided by Dr. M.N. 
Fukuda, The Burnham Institute, La Jolla, CA), anti-HA (Y-11; Santa Cruz Biotechnology, 
Inc.), anti-calnexin (Stressgen Bioreagents, Corp., British Columbia, Canada), anti-GFP (A.v. 
Peptide antibody; BD Clontech), anti-Src[pY418] (BioSource), anti-epidermal growth factor 
receptor (EGFR; #1005; Santa Cruz Biotechnology, Inc.; provided by Dr. M.N. Fukuda), 
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anti-Fyn (FYN3; Santa Cruz Biotechnology, Inc.) and anti-Lyn (Lyn44; Santa Cruz 
Biotechnology, Inc.) were used. Goat polyclonal antibodies against annexin II (C-16) and 
ezrin (C-15) were obtained from Santa Cruz Biotechnology, Inc. Horseradish peroxidase 
(HRP)-conjugated F(ab’)2 fragments of anti-mouse Ig or rabbit Ig and anti-goat IgG were 
purchased from Amersham Biosciences and Southern Biotechnology Associates, Inc., 
respectively. FITC-conjugated F(ab’)2 fragments of anti-mouse IgG, TRITC-conjugated 
anti-rabbit IgG and TRITC-conjugated F(ab’)2 fragments of anti-goat IgG were obtained from 
BioSource, Sigma and Rockland Immunochemicals, Inc., respectively.  
 
Cells and protein expression 
   HeLa cells (Japanese Collection of Research Bioresources) were cultured in Iscove’s 
modified Dulbecco’s medium (IMDM) containing 5% fetal bovine serum (FBS). 
T-REx™-HeLa cells (Invitrogen) that express the tetracycline repressor were maintained in 
IMDM containing 5% FBS, 0.2 µg/ml blasticidin, and cells were transfected with the 
pcDNA4/TO vector (Invitrogen) encoding Lyn-HA using the TransIT Transfection Reagent 
(Mirus) [31], and cell clones were selected in 250 µg/ml Zeocin (Invitrogen) plus 0.2 µg/ml 
blasticidin [5]. Doxycycline (Dox), a derivative of tetracycline, was used at 1 µg/ml for 
protein expression for 3, 6, 9, or 48 h. HeLa cells were transiently transfected with 0.2 µg of 
the pEYFP-ER vector (BD Clontech; a gift from Dr. M. Hosokawa, Chiba Institute of Science, 
Chiba, Japan) or 0.2 µg of the pEGFP-Rab7 ([32]; a gift from Dr B. van Deurs). Stimulation 
with 5% FBS was performed after serum-starvation for 24 h. When enhanced detection of 
tyrosine phosphorylation was needed, cells were cultured with 2 mM Na3VO4 for 1 h to avoid 
dephosphorylation by protein-tyrosine phosphatases using a 500 mM Na3VO4 stock solution 
freshly dissolved in 500 mM Hepes, pH 7.4 [33]. For specific inhibition of the activity of 
Src-family tyrosine kinases cells were treated with 10 µM PP2 ([34]; Calbiochem) for 1 h. For 
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inhibition of cyclin-dependent protein kinase-1 (CDK1), CDK2 and CDK5, cells were treated 
with 20 µM roscovitine ([35]; Wako Pure Chemical Industries, Osaka, Japan) for 1 h. For 
activation of Src-family tyrosine kinases by oxidative stress [36], cells were stimulated with 1 
mM H2O2 at 37°C for the indicated periods in IMDM supplemented with 25 mM Hepes, pH 
7.4, and 5% FBS. For disassembly and redistribution of the Golgi apparatus into the ER, cells 
were treated with 5 µg/ml brefeldin A [5] for 1 h. For dispersion of the Golgi apparatus to the 
cytoplasm, cells were treated with 0.5 µg/ml nocodazole [37] for 3 h. 
 
Western blotting and immunoprecipitation 
   Cell lysates were prepared with Triton X-100 lysis buffer (60 mM Hepes, pH 7.4, 10% 
glycerol, 1% Triton X-100, 10 mM EDTA, 100 mM NaF, and 10 mM Na3VO4) and protease 
inhibitors (2 mM phenylmethylsulfonyl fluoride, 50 µg/ml aprotinin, 100 µM leupeptin, and 
25 µM pepstatin A) at 4°C, and subjected to SDS-polyacrylamide gel electrophoresis 
(SDS-PAGE) and electrotransferred onto polyvinylidene difluoride (PVDF) membranes 
(Millipore). Immunodetection was performed by enhanced chemiluminescence (Amersham 
Biosciences) as described [31, 38, 39]. Sequential reprobing of membranes with a variety of 
antibodies was performed after an inactivation of HRP by 0.1% NaN3 or after the complete 
removal of primary and secondary antibodies from membranes in stripping buffer, according 
to the manufacture’s instructions. Results were analyzed using an image analyzer 
LAS-1000-plus supported by Science Lab software (Fuji film Co., Tokyo, Japan). For 
immunoprecipitation, cells were lysed with RIPA buffer (50 mM Hepes, pH7.4, 4 mM EDTA, 
1% Triton X-100, 0.1% SDS, 0.25% deoxycholate, and 1 mM Na3VO4) or Triton X-100 lysis 
buffer supplemented with 1% digitonin (Wako Pure Chemical Industries, Osaka, Japan) and 
protease inhibitors, and the resultant Triton-digitonin lysates were incubated at 4°C with 
protein G-Sepharose beads (Amersham Biosciences) precoated with an anti-annexin II 
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antibody, anti-HA antibody, anti-Src antibody, anti-Lyn antibody, anti-Yes antibody, or 
anti-Fyn antibody. The immune complexes were analyzed by SDS-PAGE and Western 
blotting, as described above.  
 
Identification of pp36 by peptide mass mapping 
   HeLa cells inducibly expressing Lyn-HA was cultured in the presence of Dox for 2 d, and 
swollen in hypotonic buffer (30 mM Hepes, pH7.4, 1 mM MgSO4, and 1 mM Na3VO4) 
containing protease inhibitors, followed by mechanical rupture with 50 passages through a 
26-gauge needle at 4°C. After removing the cytosol by centrifugation at 14,000 x g for 15 min, 
the pellets were lysed in digitonin lysis buffer (50 mM Hepes, pH 7.4, 10% glycerol, 4 mM 
EDTA, 100 mM NaF , 1 mM Na3VO4, and 1% digitonin) containing protease inhibitors. The 
lysates were resolved by SDS-PAGE using 12.5% acrylamide and 5%C bisacrylamide to 
increase separation of pp36, and transferred onto a PVDF membrane (ProblotTM, Applied 
Biosystems). The proteins immobilized on the membrane were stained with the Colloidal 
Gold Total Protein Stain kit (Bio-Rad). pp36 was cut out, reduced with dithiothreitol in 
reduction buffer (8 M guanidine, 0.5 M Tris-HCl, pH8.5, 0.3% EDTA, and 5% acetonitrile), 
S-carboxymethylated with monoiodoacetic acid, and digested in situ with Achromobacter 
protease I (Lys-C) (Wako Pure Chemical Industries, Ltds, Osaka, Japan) in digestion buffer 
(20 mM Tris-HCl, pH 9.0, 70% acetonitrile, and 0.0005% Triton X-45), as described [40]. 
After the digestion, the sample was purified using Zip-TipHPL pipette tips (Millipore). 
Molecular mass analyses of Lys-C fragments were performed by matrix-assisted laser 
desorption/ionization time-of-flight mass spectrometry (MALDI-TOF/MS) using an 
AXIMA-CFR (Shimadzu, Kyoto, Japan) [41]. Peptides from trypsin (Sequence grade, 
Promega) autodigested were used as internal standards. Identification of protein was carried 
out by comparison between the molecular weights determined by MALDI-TOF/MS and 
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theoretical peptide masses from the proteins registered in NCBInr (4.15.2003).  
 
In vitro kinase assay 
   Lyn-HA was immunoprecipitated from HeLa cells inducibly expressing Lyn-HA in the 
presence of 1 µg/ml Dox for 2 d, and recovered on anti-HA-precoated protein G-beads. 
Immunoprecipitates were vigorously washed with Triton X-100 lysis buffer, RIPA buffer (60 
mM Hepes, pH 7.4, 10% glycerol, 1% Triton X-100, 1% deoxycholate, 0.1% SDS, 10 mM 
EDTA, 100 mM NaF, and 10 mM Na3VO4), and Triton X-100 lysis buffer containing 1 M 
NaCl. Annexin II was immunoprecipitated from uninduced HeLa cells on anti-annexin 
II-precoated beads, vigorously washed as above, eluted with 0.1 M glycine (pH 2.5), and 
neutralized with 0.5 M Tris-HCl (pH 8.0). Equal amounts of Lyn-HA immunoprecipitates 
were mixed with annexin II, and subjected to in vitro kinase assays. The immunoprecipitates 
were incubated in kinase buffer (50 mM Tris-HCl, pH 7.4, 10 mM MnCl2, 0.1% Triton X-100, 
and 0.2 mM Na3VO4) with or without 100 µM unlabeled ATP at 30°C for 30 min, as 
described [5, 31, 38, 39, 42]. Phosphorylated bands were detected with anti-pTyr (4G10) 
using an image analyzer LAS-1000-plus (Fuji film Co.). Composite figures were prepared 
using Photoshop 6.0 and Illustrator 9.0 software (Adobe). 
 
Immunofluorescence 
   Cells were fixed with 4% paraformaldehyde for 10 or 20 min, and permeabilized with 
phosphate-buffered saline containing 3% bovine serum albumin, and 0.1% saponin or 0.2% 
Triton X-100 (for annexin II staining) for 20 min as described [5, 30, 31, 37, 43]. Cells were 
stained with anti-HA, anti-pTyr, anti-GalT, or anti-annexin II for 1 h, washed with 0.1% 
saponin or 0.2% Triton X-100 in phosphate-buffered saline, stained with an FITC- or 
TRITC-conjugated secondary antibody for 1-2 h. Cells were subsequently treated with 200 
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µg/ml RNase A and 100 µg/ml propidium iodide for 30 min to stain DNA, and mounted with 
Prolong AntifadeTM reagent (Molecular Probes). Confocal immunofluorescence and Nomarski 
differential-interference-contrast images were obtained using an LSM510 (Carl Zeiss 
MicroImaging, Inc.) or Fluoview FV500 (Olympus, Tokyo, Japan) laser scanning microscope. 
Care was taken to ensure that detection sensitivity was kept constant and that there was no 
bleed-through from the fluorescein signal into the red channel [31, 37, 39, 43]. One planar 
(xy) section slice was shown unless stated. Yellow fluorescent protein (YFP) fluorescence 
excited at 488 nm was detected at >505nm. Composite figures were prepared using Photoshop 
6.0 and 7.0, and Illustrator 9.0 and 10.0 software (Adobe). 
 
Sucrose density gradient fractionation 
   HeLa cells and HeLa cells inducibly expressing Lyn-HA in the presence of 1 µg/ml Dox 
were swollen in modified hypotonic buffer (40 mM Hepes, pH 7.4, 1 mM MgSO4, and 10 
mM Na3VO4) containing protease inhibitors, followed by homogenization with 20 strokes of 
a tight-fitting 1-ml Dounce homogenizer. After adjusting the sucrose concentration to 250 
mM, the postnuclear supernatants were recovered by centrifugation at 1,000 x g for 5 min. 
The resultant postnuclear supernatants (900 µl) were loaded at the top of a discontinuous 
sucrose gradient, composed of successive layers of 800 µl of hypotonic buffer containing 1.5 
M, 1.2 M, 1.0 M, 0.8 M, and 0.5 M sucrose. After centrifugation at 100,000 x g for 75 min in 
a P55ST2 rotor (Hitachi, Tokyo, Japan), 10 fractions of 490 µl were collected from the top of 
the tube and analyzed by Western blotting. All steps were carried out at 4°C. 
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Results 
 
Section I 
Lyn phosphorylated annexin II on the Golgi apparatus. 
 
 
Increase in tyrosine phosphorylation of proteins by kinase-active Lyn in HeLa cells 
   To seek the most prominent substrate of Lyn in HeLa cells, we transiently transfected 
HeLa cells with a kinase-active or -inactive Lyn, and examined tyrosine phosphorylation of 
cellular proteins in Triton X-100 cell lysates using a monoclonal anti-phosphotyrosine 
antibody. Expression of kinase-active Lyn-HA induced autophosphorylation of Lyn-HA and 
increased tyrosine phosphorylation of proteins at 224, 173, 162, 116, 106, 81, 44, 40, and 36 
kDa (Fig. 1A, lane 4). In contrast, kinase-inactive Lyn-HA(K275A) did not increase tyrosine 
phosphorylation of proteins (lane 3). Next, we used HeLa cells that express Lyn-HA in an 
inducible manner. When Lyn-HA was expressed by addition of doxycycline (Dox), a 
concomitant increase in tyrosine phosphorylation of proteins was detected (Fig. 1B, lane 3). 
This increase was similar to that observed in cells transiently transfected with Lyn-HA (Fig. 
1A, lane 4). Short exposure of cells to PP2, an inhibitor of Src-family kinases, exhibited a 
marked decrease in tyrosine phosphorylation of pp36 (Fig. 1B, lane 4). These results indicate 
that the level of tyrosine phosphorylation of pp36 is highly sensitive to the activity of Lyn. 
 
Identification of pp36 as annexin II and its association with Lyn 
   Since pp36 was present in the membrane fraction but not in the cytosol (data not shown), 
we compared three kinds of detergents, i.e. digitonin, 3-[(3-cholamidopropyl) dimethyl 
ammonio]-1-propanesulfonate (CHAPS), and Triton X-100 for efficient solubilization of pp36. 
Digitonin was found to be most suitable for solubilization of pp36 (data not shown). 
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Accordingly, digitonin lysates that were free of cytosolic proteins were subjected to 
SDS-PAGE on a gel with 12.5% acrylamide and 5%C bisacrylamide to achieve better 
resolution of pp36. The molecular weights of 5 peptides derived from pp36 were identical to 
those from human annexin II (data not shown; see “Materials and methods”). 
   Next, we examined the association of annexin II with Lyn-HA. Figs. 2A and 2B show that 
Lyn-HA was coimmunoprecipitated with annexin II, and vice versa. Note that 
tyrosine-phosphorylated annexin II was associated with Lyn-HA. To examine whether Lyn 
directly phosphorylated annexin II, an in vitro kinase assay was performed. Fig. 2C shows that 
tyrosine phosphorylation of annexin II was induced in the presence of ATP. These results 
indicate that Lyn physically associates with annexin II and can directly phosphorylate it. 
 
Tyrosine phosphorylation of annexin II on the Golgi apparatus 
   In our previous study, newly synthesized Lyn in the cytoplasm was shown to accumulate 
on the Golgi apparatus and traffic to the plasma membrane from the Golgi apparatus [5]. We 
thus assume that Lyn-induced tyrosine phosphorylation may initially take place on the Golgi 
apparatus during biosynthesis. As shown in Fig. 3A, expression of Lyn-HA was not detected 
in the absence of Dox, but was induced in the presence of Dox. Localization of Lyn-HA was 
predominantly seen in the perinuclear region at 6 h after treatment with Dox. At 48 h, 
appreciable amounts of Lyn-HA were observed at the plasma membrane together with the 
perinuclear region, consistent with our previous observations [5]. Fig. 3B shows that tyrosine 
phosphorylation of annexin II was initially detected at 3 h after induction of Lyn-HA. The 
increased levels of tyrosine phosphorylation of annexin II were coupled with those of 
expression of Lyn-HA. It is therefore likely that Lyn-HA at an early phase of induction leads 
to tyrosine phosphorylation of annexin II on the Golgi apparatus. 
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Co-fractionation of annexin II with Lyn in high-density membranes 
   To verify that tyrosine phosphorylation of annexin II induced by Lyn takes place on the 
Golgi apparatus, we prepared membrane vesicles from HeLa cells and subfractionated them 
into the plasma membrane and endomembranes containing the Golgi apparatus by 
sucrose-density gradient sedimentation. As shown in Fig. 4A, the transmembrane 
glycoproteins desmoglein [44] and E-cadherin [45], the F-actin—plasma membrane 
crosslinker protein ezrin [46] and the protein-tyrosine phosphatase SHP-2 [47], all of which 
localize to the plasma membrane, were mainly found in fractions 1 and 2 (light-membrane 
fractions), whereas the trans-Golgi resident protein galactosyltransferase (GalT) and the 
resident endoplasmic reticulum (ER) transmembrane chaperone calnexin [48] were recovered 
from fractions 4-10 (heavy-membrane fractions). Note that fraction 10 contained calnexin but 
little GalT. These results indicate that the plasma membrane is isolated in fractions 1 and 2 
(light-membrane fractions), the Golgi apparatus is distributed throughout fractions 4-9 
(heavy-membrane fractions), and the ER is recovered from fractions 4-10 (heavy-membrane 
fractions). A majority of endogenous Lyn, unlike c-Src, was found in heavy-membrane 
fractions, although a small amount of endogenous Lyn was seen in light-membrane fractions 
(Fig. 4A). Intriguingly, annexin II was restrictedly seen in heavy-membrane fractions. When 
expression of Lyn-HA was induced by treatment with Dox for 6 h, a majority of Lyn-HA was 
cofractionated with annexin II in heavy-membrane fractions, and tyrosine-phosphorylated 
annexin II was similarly found in heavy-membrane fractions (Fig. 4B). Note that a part of 
annexin II was present in fraction 10 after induction of Lyn-HA. Taken together, these results 
suggest that Lyn-HA, which is physically associated with annexin II, tyrosine-phosphorylates 
annexin II on endomembranes including Golgi membranes, and that tyrosine-phosphorylated 
annexin II moves to heavier-membrane fractions such as the ER. 
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Section II 
Involvement of Golgi-associated Lyn tyrosine kinase in the translocation of 
annexin II to the endoplasmic reticulum under oxidative stress. 
 
 
Tyrosine phosphorylation of annexin II upon stimulation with H2O2
   Oxidative stress such as H2O2 is known to activate Src-family kinases including Lyn [36]. 
HeLa cells were treated with 1 mM H2O2 for 10 min, and then H2O2-induced tyrosine 
phosphorylation of annexin II was examined by immunoprecipitation with anti-annexin II 
from RIPA cell lysates. Fig. 5A shows that annexin II was associated with endogenous Lyn, 
consistent with the results of Lyn-HA (Fig. 2), and stimulation with H2O2 induced 
tyrosine-phosphorylation of annexin II. Notably, the increase in tyrosine phosphorylation of 
annexin II was inhibited by treatment with PP2, suggesting the involvement of Lyn. 
   Next, the intracellular location where tyrosine phosphorylation of annexin II took place 
was examined by sucrose-density gradient sedimentation. After stimulation of HeLa cells with 
H2O2, numerous tyrosine-phosphorylated bands were observed in light- and heavy-membrane 
fractions (data not shown). It is of note that tyrosine-phosphorylated annexin II was detected 
in heavy-membrane fractions containing the Golgi apparatus and treatment with PP2 inhibited 
H2O2-induced tyrosine phosphorylation of annexin II (Fig. 5B). Furthermore, treatment with 
H2O2 significantly increased the amount of annexin II in fraction 10, whereas treatment with 
PP2 inhibited the increase in the amount of annexin II in fraction 10 (Fig. 5B). However, 
stimulation with H2O2 did not affect the distribution of GalT (Fig. 5C). 
   Fig. 5D shows that membrane vesicles fractionated into fraction 4 contained GalT and 
GM130, a cis-Golgi matrix protein [49], but not calnexin, whereas those into fraction 10 
contained calnexin but little GalT and GM130. These results indicate that Golgi and ER 
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membranes are purified into fraction 4 and fraction 10, respectively. Stimulation with H2O2 
decreased the amount of annexin II in fraction 4, and increased it in fraction 10 (Fig. 5D), 
suggesting that a fraction of annexin II is translocated from the Golgi apparatus to the ER. 
Furthermore, to corroborate that upon stimulation with H2O2 Lyn phosphorylates annexin II 
on the Golgi apparatus, annexin II was immunoprecipitated from fraction 4. Fig. 5E shows 
that an increase in tyrosine phosphorylation of annexin II was detected by treatment with 
H2O2 and endogenous Lyn was coimmunoprecipitated with annexin II. These results suggest 
that H2O2-induced tyrosine phosphorylation of annexin II is mediated by endogenous Lyn but 
not c-Src (see Fig. 4A) on Golgi membranes, leading to the hypothesis that a part of 
tyrosine-phosphorylated annexin II moves toward heavier membranes such as the ER. 
   To visualize the intracellular localization of tyrosine-phosphorylated proteins upon 
stimulation of HeLa cells with H2O2, cells were doubly immunostained for phosphotyrosine 
and GalT. Tyrosine-phosphorylated proteins were barely detected in unstimulated cells (Figs. 
6A, upper panels). When cells were stimulated with H2O2 for 10 min, tyrosine 
phosphorylation of proteins was significantly induced in the whole cell area, especially in the 
perinuclear region where GalT was moderately colocalized with tyrosine-phosphorylated 
proteins (middle panels). However, treatment with H2O2 did not affect the localization and the 
morphology of GalT and GM130 (Fig. 6B), similar to the results of the fractionation of GalT 
(Fig. 5C). Intriguingly, treatment with PP2 inhibited H2O2-induced tyrosine phosphorylation 
of proteins restrictedly present in the perinuclear region (Fig. 6A, lower panels). Taken 
together, these results suggest that activation of endogenous Lyn by H2O2 generates tyrosine 
phosphorylation of proteins including annexin II on Golgi-containing endomembranes. 
 
 
The dispersal of annexin II to the ER upon stimulation with H2O2
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   Annexin II was accumulated in the Golgi-containing perinuclear region in unstimulated 
HeLa cells (Fig. 7A, a). Treatment with brefeldin A, which redistributes the Golgi apparatus 
into the ER [50], caused redistribution of annexin II around the nucleus (Fig. 7A, b). 
Additionally, treatment with nocodazole, which disperses the Golgi apparatus throughout the 
cytoplasm [51], disrupted the accumulation of annexin II (Fig. 7A, c). Fig. 7B shows that 
treatment with H2O2 induced the redistribution of annexin II around the nucleus, similar to 
that with brefeldin A (Fig. 7A, b). Importantly, this redistribution was inhibited by PP2 but not 
roscovitine, which inhibits cyclin-dependent protein kinase-1 (CDK1), CDK2, and CDK5 
[35], suggesting the PP2-specific inhibition (Fig. 7C). Furthermore, in unstimulated cells, 
annexin II was minimally colocalized with YFP-ER, an ER marker (Fig. 8A-C). When cells 
were stimulated with H2O2, annexin II was dispersed and moderately colocalized with 
YFP-ER at a circumference of the nucleus (Fig. 8D-F). Given that a part of 
tyrosine-phosphorylated annexin II was recovered from heavier-membrane fractions (Figs. 4 
and 5), these results suggest that Lyn-mediated tyrosine phosphorylation of annexin II induces 
the translocation of annexin II from the Golgi apparatus to the ER.  
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An induction of tyrosine-phosphorylation of the Rab-7-positive endosomes by serum 
Section III 
Differential activation of Src-family tyrosine kinases by mitogenic 
factors and oxidative stress. 
 
Co-fractionation of c-Yes and Fyn with Lyn in heavy-membrane fractions 
   Src-family kinases including Lyn have been considered to play central roles on the plasma 
membrane as signaling molecules but we pointed out that Lyn evoked signal transduction of 
oxidative stress on the Golgi apparatus (section II). Next, we verified the localization of 
ubiquitously expressing Src family kinases, c-Src, Lyn, c-Yes and Fyn, by sucrose-density 
gradient sedimentation. As shown in Fig. 8A, the epidermal growth factor receptor (EGFR) 
[52] and vinculin [53], an abundant cytoskeletal protein, both of which localize to the plasma 
membrane, were mainly found in fractions 1 and 2 (light-membrane fractions) alike to 
desmoglein, ezrin, SHP-2, and E-cadherin (Fig. 4). GalT and calnexin were fractionated into 
fraction 4-9 and 5-10, respectively, like Fig 4. Similar to the Fig. 4, c-Src and Lyn were 
recovered from fractions 1 plus 2, and 4-10, respectively. Interestingly, a majority of both 
c-Yes and Fyn were seen in fractions 4-10, like Lyn (Fig. 8A). c-Src was reported to be 
associated with endosomes [20], thus, we examined the localization of GFP-Rab7, which was 
known to be a late endosome- and lysosome-resident protein [32]. The density of the late 
endosome was lighter than that of lysosome [54], thus we considered that light-membrane 
fractions contained the plasma membrane and the late endosome because Rab7 was recovered 
from fractions 1, 2, and 4-7. These results suggest that c-Yes and Fyn localized to the Golgi 
apparatus similar to Lyn but c-Src localized on the plasma membrane and on the late 
endosome.  
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A serum-induced increase of tyrosine-phosphorylation in the light membrane-fractions 
 
Selective activation of c-Src by a serum-induced mitogenic signal 
   Src-family kinases are involved in acting downstream of receptor tyrosine kinase, such
EGF [6, 7] and fibroblast growth factor [55] as well as oxidative signal. Moreover, activated 
EGFR was internalized and transported to endosome or lysosome, then down regulated [56, 
57]. Next, we examined whether mitogenic signals were transmitted via the Golgi apparatus 
like oxidative stress-induced signals. By confocal microscopy, tyrosine-phosphorylated 
proteins were barely detected at the plasma membrane and perinuclear region in 
serum-starved HeLa cells (Fig. 9A). When cells were stimulated with serum for 5, 10, and 30 
min, tyrosine phosphorylation was induced at the plasma membrane and the perinuclear 
region, furthermore, it was decreased for 60 min. The perinuclear region, where 
tyrosine-phosphorylated proteins were increased, was not colocalized with GalT but partially 
colocalized with Rab7-GFP (Fig. 9B and C). These results indicated that serum-induced 
migration signal transmitted via the late endosome but not through the Golgi apparatus.  
 
   Not only c-Src but also Lyn, c-Yes, or Fyn are reported to be involved in signals generated
by several growth factors [10], thus we separated organelles by sucrose-density gradient 
sedimentation to compare the localization of tyrosine-phosphorylated proteins and Src-family 
kinases. After stimulation of serum-starved HeLa cells with serum, numerous 
tyrosine-phosphorylated bands were observed (Fig. 10A). It is of note that an increase of 
tyrosine-phosphorylation was detected in fractions 1 and 2, containing c-Src, but an obvious 
increase was not seen in fractions 4-10, containing Lyn, c-Yes and Fyn (Fig. 10B). These 
results suggest that mitogenic signals evoked by serum mainly transmitted via c-Src only.  
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rc and other Src-family 
c by a serum-induced mitogenic signal 
   In contrast to serum, H2O2 increased Src-family tyrosine kinase-sensitive tyrosine 
vy membrane fractions, 
   To verify whether mitogenic signal evoked by serum activate c-S
kinases, we immunoprecipitated c-Src, Lyn, c-Yes, and Fyn after serum stimulation for 10 
min (Fig. 11). c-Src was activated approximately 1.36-fold, moreover, Lyn, c-Yes, and Fyn 
was 1.10-, 1.06-, and 1.11-fold, respectively. Given that serum induced tyrosine 
phosphorylation in light membrane fractions (Fig. 10), these results suggest that mitogenic 
signals evoked by serum was mainly transmitted through c-Src in HeLa cells and other 
Src-family kinases such as Lyn, c-Yes, and Fyn was not so participated in this signal 
transduction as c-Src.   
Selective activation of c-Sr
 
phosphorylation not only in light membrane fractions but also in hea
especially, on the Golgi apparatus (Figs. 5 and 6). These results suggest that oxidative stress 
evoked different signals from mitogenic factors. Next, we tested the kinase activities of 
Src-family kinases after treatment with H2O2. The most prominently activated Src-family 
kinase by H2O2 was Lyn, which was increased to 5.76-fold, whereas, others were not so 
activated as Lyn. These results suggest that Lyn is the main kinase, which transmits oxidative 
signal induced by H2O2 by considering that Lyn induced tyrosine phosphorylation of annexin 
II on the Golgi apparatus (Sections 1 and 2). 
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Discussion 
 
   Signals initiated by cell-surface receptors at the plasma membrane are transmitted to 
downstream signaling molecules and then to final effectors. Src-family members such as Lyn 
are found to locate at the cytoplasmic face of the plasma membrane, and play a critical role in 
signal transduction as signaling molecules.  
   In the present study, we demonstrate that Lyn but not c-Src is involved in tyrosine 
phosphorylation of proteins on endomembranes containing the Golgi apparatus in HeLa cells. 
A large amount of endogenous Lyn is accumulated in heavy-membrane fractions containing 
Golgi membranes, whereas most of endogenous c-Src is recovered from light-membrane 
fractions containing the plasma membrane. Lyn physically associates with annexin II, and 
directly tyrosine-phosphorylates annexin II. Stimulation of cells with H2O2 induces 
PP2-sensitive tyrosine phosphorylation of proteins including annexin II on Golgi membranes. 
Tyrosine phosphorylation of annexin II induced by Lyn initiates the translocation of annexin 
II from the Golgi apparatus to the ER. Moreover, H2O2 activate Lyn more than other 
Src-family kinases. These results suggest that tyrosine phosphorylation induced by Lyn may 
play a role in relocalization of annexin II from the Golgi apparatus to the ER. 
   Recently, we have shown by immunostaining and fluorescence recovery after 
photobleaching techniques that newly synthesized Lyn is accumulated at the Golgi apparatus 
and then transported to the plasma membrane [5]. Here, we further substantiate Golgi 
localization of Lyn by subcellular fractionation on a sucrose-density gradient. Using an 
inducible expression system, we show that a majority of newly synthesized Lyn at the early 
phase of induction is present in Golgi-enriched heavy-membrane fractions but not plasma 
membrane-enriched light-membrane fractions (Figs. 3 and 4). It is noteworthy that most of 
endogenous Lyn are also present in heavy-membrane fractions (Fig. 4), although a variety of 
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signal transduction mediated by Lyn is known to take place at the plasma membrane [58, 59]. 
Because Lyn is classified as a cytosolic enzyme and dual myristoylation and palmitoylation of 
Lyn are responsible for its membrane association [14], it is reasonable to assume that Lyn is 
located at the cytoplasmic face of Golgi membranes through lipid modification after 
biosynthesis in the cytoplasm. A fraction of Src-family kinases, including Lyn, is reported to 
anchor to cholesterol- and sphingolipids-enriched lipid rafts that form signaling platforms [60, 
61]. Given that lipid rafts are present not only in the plasma membrane but also in the Golgi 
apparatus and endosomes [62], we hypothesize that most of endogenous Lyn may be 
accumulated on the Golgi apparatus for signal transduction. 
   We treated HeLa cells with H2O2, and found the induction of PP2-sensitive tyrosine 
phosphorylation of cellular proteins, including annexin II, on the Golgi apparatus (Figs. 5 and 
6). These results suggest that stimulation of cells with H2O2 initiates signal transduction 
mediated by Src-family kinases through protein-tyrosine phosphorylation on Golgi 
membranes. Indeed, reactive oxygen species (ROS) such as H2O2 are well known to actively 
participate in a diverse array of biological processes, including normal cell growth, induction 
and maintenance of the transformed state, programmed cell death, cellular senescence, 
migration, and survival [63, 64]. Treatment of cells with ROS is shown to inhibit the activity 
of protein-tyrosine phosphatases and to directly activate several kinases including Src-family 
members through polymerization by disulfide-bond formation, thereby increasing the levels 
of tyrosine phosphorylation of signaling molecules [64-66]. Thus, we show for the first time 
that oxidative stress plays an important role in triggering of signal transduction through 
Src-family kinase-mediated tyrosine phosphorylation on Golgi membranes. 
   Annexins are a family of Ca2+- and phospholipid-binding proteins forming a conserved 
multigene family, and participate in the regulation of membrane organization and intracellular 
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membrane trafficking and the regulation of Ca2+ concentrations within cells [67-69]. 
   Oxidative stress, which increases tyrosine phosphorylation of annexin II and induces its 
translocation to the ER (Figs. 5-8), is known to cause an increase in intracellular free Ca2+ 
concentration [70-72]. Ca2+ is not an essential factor for annexin II to bind to endomembranes 
[73-75]. In fact, we observed that the distribution of endogenous annexin II in 
heavy-membrane fractions containing Golgi membranes is unchanged irrespective of the 
presence or absence of 1 mM Ca2+ throughout sucrose-density gradient sedimentation (data 
not shown). Furthermore, previous observations show that the N-terminal sequence of 
annexin II, which contains Tyr-23 that can be phosphorylated by Src-family kinases, is 
important for Ca2+-independent endomembrane association [74]. These data raise the 
intriguing possibility that tyrosine phosphorylation of annexin II mediated by Src-family 
kinases regulates the binding of annexin II to endomembranes such as the ER.  
   Various experimental approaches provide evidence that annexins function as Ca2+ 
channels that can act as regulators of membrane fusion [69, 76-78]. Annexins I, V, VI, and VII 
possess ion channel activity [76, 79, 80]. Annexin II can be active as an ion channel without 
p11, a cellular ligand of annexin II [81], and annexin VII mobilizes Ca2+ from the ER store 
[82]. Perhaps an increase in intracellular free Ca2+ concentration induced by oxidative stress 
might involve a mechanism that annexin II, which is tyrosine-phosphorylated by 
Golgi-associated Lyn, is translocated from the Golgi apparatus to the ER. 
   c-Src, Lyn, c-yes, and Fyn are expressed ubiquitously in vertebrate cells, all of which are 
reported to be activated following growth factor stimulation [83], oxidative stress, and many 
signals, but differences of them in the upstream factors, functions, or regulatory mechanisms 
are largely unknown. In this report, we showed the differential properties of c-Src, Lyn, c-Yes, 
and Fyn in the regulation of signals induced by mitogenesis and oxidative stress. Serum 
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kinases.  
activated c-Src but did not so activate others as Lyn, on the other hand, H2O2 mainly activated 
Lyn, but did not so activate others as Lyn. These results indicate that c-Src transduces 
mitogenic signal via the plasma membrane and Rab7-positive endosomes and oxidative 
stress-induced signals are transmitted by Lyn on the Golgi apparatus. It is reported that 
Src-family kinases may play roles on the Golgi apparatus [5, 84, 85], but the main function of 
Lyn on the Golgi apparatus is not unclear. Lyn is known to participate in cell survival of 
pancreatic aciner cells [86], B cells [87], and leukemia cells [88]. The opposite reports were 
published, in other words, Lyn negatively regulate cell survival, for example negatively 
regulates neutrophil integrin signaling [89], B cell receptor signaling [59], and cell survival 
signaling [90, 91]. Why were the contrary functions about Lyn reported? Lyn, which was 
mainly localized on the Golgi apparatus in HeLa cells (Figs. 4, 9, and 11; [5]), was the most 
activated kinase by H2O2 in the four ectopically expressing Src-family kinases (Fig. 13). 
1-mM of H2O2 induces apoptosis in a few hours [data not shown; 92-94], moreover, low 
concentration of H2O2 did not induced tyrosine phosphorylation on the Golgi apparatus as 
1-mM (data not shown). Thus, we consider that Lyn transduces cell survival signaling on the 
plasma membrane, whereas participates in apoptosis on the Golgi apparatus. 
   Although H2O2 can easily diffuse across the membranes, activation levels of each 
Src-family kinases by oxidative stress are different in each molecules (Fig. 13) similar to 
previous reports [95-98]. H2O2 does not activate Src-family kinases directly [96], moreover, 
oxidative stress activated not only Src-family kinases but also Csk, a negative regulator of 
Src-family kinases [99]. Thus, we considered the reason why H2O2 did not activated each 
Src-family kinases in a same manner, as following that the activation of Src-family kinases by 
H2O2 was a result of both inactivation of protein tyrosine phosphatases around the each 
molecules and activation of signaling molecules located on the upstream of Src-family 
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ogether, Lyn-mediated tyrosine phosphorylation of unidentified proteins together    Taken t
with annexin II may be involved in novel Golgi membrane-based signal transduction 
pathways. It is particularly interesting to identify tyrosine-phosphorylated proteins induced by 
Lyn on Golgi membranes. Further studies are required to understand roles for Lyn-induced 
tyrosine phosphorylation in signal transduction on Golgi membranes. 
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ig. 1. Lyn-mediated tyrosine phosphorylation of proteins including pp36. 
eLa cells were transiently transfected with mock (lane 1), vector alone (lane 2), 
ient Lyn-HA(K275A) (lane 3), or kinase-active Lyn-HA (lane 4), and then 
ultured for 2 d (A). HeLa cells inducibly expressing Lyn-HA were cultured in the absence 
(lan n treated with 10 µM PP2 
(lan qual amounts of 
Triton X-100 cell lysates were probed with anti-pTyr, and sequentially reprobed with anti-Lyn 
(A),  indicated on the left.  
 
Fig. 2. Association of pp36 annexin II with Lyn and in vitro tyrosine phosphorylation. 
pp36 der “Materials and 
meth n of Lyn and annexin II. HeLa cells inducibly 
expressing Lyn-HA were cultured in the presence of Dox for 2 d. Annexin II (A) and Lyn-HA 
(B) were immunoprecipitated from Triton-digitonin cell lysates with anti-annexin II and 
anti-HA, respectively. MOPC21 was used as a control antibody for immunoprecipitation. 
Western blots of the immunoprecipitates were probed with anti-pTyr, and subsequently 
reprobed with anti-annexin II and anti-HA. (C) In vitro phosphorylation of annexin II by Lyn. 
Lyn-HA immunoprecipitates were incubated with annexin II for 30 min in reaction buffer in 
the absence or presence of 100 µM ATP. Western blot of each sample was probed with 
anti-pTyr, and reprobed with anti-annexin II and anti-HA.  
 
Legends to figures 
 
F
H
kinase-defic
c
es 1 and 2) or presence (lanes 3 and 4) of Dox for 2 d, and the
es 2 and 4) or buffer alone (lanes 1 and 3) for 1 h (B). Western blots of e
 anti-HA (B) and anti-actin. Molecular size markers in kDa are
 was identified as annexin II by MALDI-TOF/MS, as described un
ods”. (A, B) Coimmunoprecipitatio
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orylation induced by Lyn that localizes to the perinuclear region. 
) HeLa cells inducibly expressing Lyn-HA were cultured in the presence of Dox for the 
 Lyn-HA in 
sity 
radient sedimentation.  
ent 
nous Lyn upon stimulation with 
2O2. 
(A) Tyrosine phosphorylation of annexin II. HeLa cells were pretreated with or without 10 
Fig. 3. Tyrosine phosph
(A
indicated periods, and stained with anti-HA. Arrows indicate the localization of
the perinuclear region. Bars, 20 µm. (B) HeLa cells inducibly expressing Lyn-HA were 
cultured in the presence of Dox for the indicated periods, and treated with 1 mM Na3VO4 for 
the last 1 h. Western blot of equal amounts of Triton X-100 cell lysates was probed with 
anti-pTyr, and reprobed with anti-HA, anti-annexin II, and anti-actin. Molecular size marker 
in kDa is indicated on the left. 
 
Fig. 4. Co-fractionation of annexin II with Lyn in heavy membranes by sucrose-den
g
(A) The postnuclear supernatants of HeLa cells were subjected to sucrose-density gradi
centrifugation. The gradient was split into 10-equal volume fractions from the top to the 
bottom. Each fraction was analyzed by SDS-PAGE, followed by Western blotting using the 
indicated antibodies. Light- and heavy-membrane fractions contain the plasma membrane and 
the Golgi apparatus, respectively. Two forms of endogenous Lyn at 53 and 56 kDa are the 
products of translation of alternatively spliced transcripts. (B) HeLa cells inducibly expressing 
Lyn-HA were cultured in the absence or presence of Dox for 6 h, and treated with 2 mM 
Na3VO4 for the last 1 h. Each fraction separated on density gradients was prepared and 
analyzed by Western blotting using the indicated antibodies, as described in (A). 
 
Fig. 5. Tyrosine phosphorylation of annexin II by endoge
H
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 of 2 mM Na3VO4, and subsequently incubated in the presence 
f 1 mM H2O2 for the last 10 min (H2O2 + PP2: two lower panels). Western blots of each 
, and incubated in the absence (upper panel) or presence of 1 mM 
paratus by 
2O2. 
iddle panels). HeLa cells were pretreated with 10 µM PP2 for 1 h, and incubated in the 
µM PP2 for 1 h, and incubated in the absence or presence of 1 mM H2O2 for the last 10 min. 
Equal amounts of annexin II immunoprecipitates from RIPA cell lysates were separated on a 
12.5% polyacrylamide gel (5%C) as described under “Materials and methods”. Western blot 
of annexin II immunoprecipitates was probed with the indicated antibodies. (B-E) Sucrose 
gradient sedimentation analyses, as described in Fig. 4. (B) HeLa cells were treated with 2 
mM Na3VO4 for 1 h, and incubated in the absence (None: two upper panels) or presence of 1 
mM H2O2 for the last 10 min (H2O2: two middle panels). HeLa cells were pretreated with 10 
µM PP2 for 1 h in the presence
o
gradient fraction were probed with anti-pTyr and anti-annexin II. (C) HeLa cells were treated 
with 2 mM Na3VO4 for 1 h
H2O2 for the last 10 min (lower panel). Western blots of each fraction were probed with 
anti-GalT. (D) HeLa cells were incubated in the absence or presence of 1 mM H2O2 for 10 
min. Density gradient fractions 4 and 10 were separated on a 12.5% polyacrylamide gel 
(5%C), followed by Western blotting using the indicated antibodies. (E) Equal amounts of 
annexin II immunoprecipitates from the density gradient fraction 4 shown in (D) after 
solubilized in RIPA buffer were separated on a 12.5% polyacrylamide gel (5%C), followed by 
Western blotting using the indicated antibodies. Ig(H), heavy chain of IgG. 
 
Fig. 6. Induction of PP2-sensitive tyrosine phosphorylation in the Golgi ap
H
(A) HeLa cells were incubated in the absence (upper panels) or presence of 1 mM H2O2 for 10 
min (m
presence of 1 mM H2O2 for the last 10 min (lower panels). Cells were double-stained with 
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d). YFP 
uorescence is shown in green. Arrows indicate the colocalization of annexin II with YFP-ER 
anti-pTyr (green) and anti-GalT (red). Insets show a magnification of the area indicated by the 
squares. Arrows indicate the positions of GalT. Bars, 20 µm. (B) HeLa cells were incubated in 
the absence or presence of 1 mM H2O2 for 10 min. Cells were stained with anti-GalT (upper 
panels) or anti-GM130 (lower panels). Insets show a magnification of the area indicated by 
the squares. Bars, 20 µm. 
 
Fig. 7. H2O2-induced translocation of annexin II from the Golgi to a circumference of the 
nucleus.  
(A) HeLa cells were treated with none (a, b), 5 µg/ml brefeldin A for 1 h (c, d), or 0.5 µg/ml 
nocodazole for 3 h (e, f). (B) HeLa cells were treated without (a, b) or with 1 mM H2O2 for 10 
min (c, d) or 30 min (e, f). (C) HeLa cells were treated without (a) or with 1 mM H2O2 for 10 
min (b), and HeLa cells were pretreated with 10 µM PP2 (c) or 20 µM roscovitine (d) for 1 h 
followed by incubation with 1 mM H2O2 for the last 10 min. Cells were stained with 
anti-annexin II. Bars, 20 µm.  
 
Fig. 8. H2O2-induced translocation of annexin II from the Golgi to the ER.  
HeLa cells transfected with YFP-ER were cultured for 1 d in the absence (A-C) or presence of 
1 mM H2O2 for the last 10 min (D-F). Cells were stained with anti-annexin II (re
fl
at a circumference of the nucleus. N, nucleus. Bars, 10 µm.  
 
Fig. 9. Co-fractionation of c-Yes and Fyn with Lyn in heavy membranes by 
sucrose-density gradient sedimentation.  
The postnuclear supernatants of HeLa cells were subjected to sucrose gradient sedimentation 
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sine phosphorylation in the Rab7-positive endosomes by serum.  
) HeLa cells cultured in serum-free media for 24 hours were treated with 5%-serum 
iodide for DNA (red). (B) HeLa cells cultured in serum-free media for 24 hours 
rosine-phosphorylation in light membranes by serum 
timulation.  
 incubated in 
 last 10 min. The postnuclear 
upernatants were subjected to sucrose gradient sedimentation analyses, as described in Fig. 
analyses, as described in Fig. 4. (A) HeLa cells in steady states were used. (B) HeLa cells 
transfected with Rab7-GFP were cultured for 2 days, and performed sucrose-density gradient 
sedimentation. 
  
Fig. 10. Induction of tyro
(A
containing media for indicated periods. Cells were stained with anti-pTyr (green) and 
propidium 
were treated with 5%-serum containing media for 10 min. Cells were stained with anti-pTyr 
(green) and anti-GalT (red). (C) HeLa cells transfected with Rab7-GFP were starved for 24 
hours and cultured in 5%-serum containing media for 10min. Cells were stained with 
anti-pTyr (red). Bars, 20 µm. 
  
Fig. 11. An increase of ty
s
(A) Serum-starved HeLa cells were treated with 2 mM Na3VO4 for 1 hour, and
the absence or presence of 5% FBS for the last 10 min. Western blots of equal amounts of 
Triton X-100 cell lysates were probed with anti-pTyr, and sequentially reprobed with 
anti-actin. (B) Serum-starved HeLa cells were treated with 2 mM Na3VO4 for 1 hour, and 
incubated in the absence or presence of 5% FBS for the
s
4.  
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ence of 5% FBS for the last 10 min. Equal amounts of c-Src, Lyn, c-Yes, and 
 immunoprecipitates from Triton-digitonin lysates were probed with anti-Src[pY418], 
the last 10 min. Equal amounts of c-Src, Lyn, c-Yes, and Fyn 
unoprecipitates from Triton-digitonin lysates were probed with anti-Src[pY418] and 
-Src, Lyn, Fyn, or c-Yes present in each sample. Data from one of three or four 
Fig. 12. An activation of c-Src with serum stimulation.  
Serum-starved HeLa cells were treated with 2 mM Na3VO4 for 1 hour, and incubated in the 
absence or pres
Fyn
which recognized active form of Src-family kinases, and reprobed with c-Src, Lyn, c-Yes, or 
Fyn. Relative values of fold increases are also relative to the amount of c-Src, Lyn, Fyn, or 
c-Yes present in each sample. Data from one of three or four independent experiments are 
shown. 
  
Fig. 13. An activation of Lyn especially with H2O2.  
HeLa cells were treated with 2 mM Na3VO4 for 1 hour, and incubated in the absence or 
presence of 1 mM H2O2 for 
imm
reprobed with c-Src, Lyn, c-Yes, or Fyn. Relative values of fold increases are also relative to 
the amount of c
independent experiments are shown. 
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